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Radical scavengingAbstract Metal complexes of general composition [M(L)2]X2 (where M= Cu(II) and X = Cl
,
NO3 ) and [M(L)2]X3 (where M= Fe(III) and X = Cl
, NO3 ) were synthesized by the condensa-
tion of metal salts with semicarbazone (La)/thiosemicarbazone (Lb) derived from 2-acetyl benzofu-
ran. The ligands and metal complexes were characterized by NMR, elemental analysis, molar
conductance, magnetic susceptibility measurements, IR, atomic absorption, and electronic spectral
studies. On the basis of electronic, molar conductance and infrared spectral studies, the complexes
were found to have tetrahedral geometry. The Schiff bases and their metal complexes were tested
for their antioxidant, radical scavenging and antibacterial activities.
ª 2013 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Metal ions play an important role in biochemical processes.
Many biochemical reactions depend on the presence of metalions which are the part of coordination complexes. The metal
ions function to facilitate or inhibit biochemical reactions.
Coordination of metal ions by different ligands changes the
reduction–oxidation potentials of a reaction, making it easier
or, sometimes, more difﬁcult to take place. The change in re-
dox potential ﬁnds diverse applications i.e. transport and stor-
age of oxygen and other essential elements, electron transfer
etc. There has been considerable interest in the studies of semi-
carbazones/thiosemicarbazones due to their unusual coordina-
tion modes when bound to metals (Basuli et al., 1998).
Moreover, the biological properties of semicarbazones/thio-
semicarbazones are related to metal ion coordination (Farrell,
2002). The mechanism of action can involve binding to a metal
in vivo or the metal complex may be a vehicle for the activa-
tion of ligand. Metal complexes derived from Schiff base
Table 1 Molar conductance and elemental analysis data.
Ligand/complex KM Atomic Mass Colour M.P (C) Yield (%) Elemental analysis data (%) found (calculated)
M C H N
La – 217 Yellow 224 72 – 59.83(60.82) 4.97(5.10) 19.12 (19.34)
[Cu(La)2](Cl)2 178 569 Grey 220 81 11.45(11.17) 46.53(46.45) 3.92(3.90) 14.84 (14.77)
[Cu(La)2](NO3)2 186 622 Red 223 79 10.13(10.22) 42.64(42.48) 3.62(3.57) 17.89 (18.01)
[Fe(La)2](Cl)3 273 597 Yellow 226 70 9.82(9.95) 47.19(47.08) 3.82(3.95) 15.07 (14.98)
[Fe(La)2](NO3)3 293 676 Pink 222 76 8.37(8.26) 39.23(39.07) 3.32(3.28) 18.74 (18.64)
Lb – 233 Light yellow 197 70 56.21(56.63) 4.59(4.75) 17.81 (18.01)
[Cu(Lb)2](Cl)2 173 601 Dark yellow 240 80 10.65(10.57) 44.10(43.96) 3.76(3.69) 14.21 (13.98)
[Cu(Lb)2](NO3)2 191 654 Black 218 76 9.85(9.71) 40.46(40.39) 3.45(3.39) 17.42 (17.13)
[Fe(Lb)2](Cl)3 268 629 Yellow 220 72 9.01(8.88) 42.24(42.02) 3.63(3.53) 13.53 (13.37)
[Fe(Lb)2](NO3)3 289 708 Pink 215 70 8.03(7.88) 37.21(37.30) 3.04(3.13) 17.82 (17.79)
KM: Molar conductance (O
1 cm2 mol1).
652 S. Goel et al.ligands have received considerable attention because they play
an essential role in agriculture, pharmaceutical and industrial
chemistry (Dhar and Taploo, 1982; Kumar et al., 2009). The
formation of variety of metal complexes with Schiff base li-
gands (Ofﬁong and Martelli, 1997; Casas et al., 2000; Beraldo
and Gambino, 2004; Chandra and Gupta, 2005; Joseph et al.,
2006; Pelosi, 2010) indicates the spectacular progress in coordi-
nation and bioinorganic chemistry. The literature shows that
Schiff bases derived from the condensation of benzofuran-2-
carbohydrazide with thiophene-2-aldehyde have been synthe-
sized (Ecker et al., 1994; Patil et al., 2010; Halli et al., 2011)
and are screened for the antioxidant activity by nitric oxide
scavenging potency, H2O2 scavenging ability, lipid peroxida-
tion inhibition. In this study we synthesized a new class of cop-
per(II) and iron(III) complexes with newly synthesized Schiff
base ligands derived from 2-acetyl benzofuran and studied
their importance as antioxidant, DPPH radical scavenger
and antibacterial agents in the biological system.2. Methods
2-Acetyl benzofuran was procured from Sigma–Aldrich. Thio-
semicarbazide and semicarbazide are procured from Thomas
Baker. All other general chemicals used in the present work
were of high purity, Anala R grade and procured from Qual-
igens and Fluka. Metal salts were purchased from E. Merck
and used as received. The solvents used were either spectro-
scopic pure from SRL/BDH or puriﬁed by the recommended
methods (Vogel, 1962).2.1. Synthesis of 2-acetyl benzofuran semicarbazone (La)
An aqueous solution of semicarbazide hydrochloride (1.11 g,
0.01 mol, salts are less easily oxidized by air than the free bases
and it is in this form that the derivatives of ammonia are best
preserved and handled) was added to an ethanolic solution of
2-acetyl benzofuran (1.60 g, 0.01 mol) in the presence of so-
dium acetate (0.82 g, 0.01 mol). Sodium acetate is added to lib-
erate basic reagent semicarbazide from semicarbazide
hydrochloride. The acetic acid formed during the liberation
of semicarbazide, protonates the carbonyl oxygen of 2-acetyl
benzofuran and makes its carbonyl carbon more susceptible
to nucleophilic attack. The reaction mixture was stirred vigor-
ously for 2 h. The completion of the reaction was conﬁrmed bythe TLC. The yellow product formed was collected by ﬁltra-
tion which was washed several times with hot water and dried
in vacuum over P4O10. The characterization details are tabu-
lated in Table 1.
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2.2. Synthesis of 2-acetyl benzofuran thiosemicarbazone (Lb)
A hot ethanolic solution of 2-acetyl benzofuran (1.60 g,
0.01 mol) was mixed with a hot ethanolic solution of thiosemi
carbazide (0.91 g, 0.01 mol) in the presence of 0.5 mL acetic
acid. Acetic acid is required to protonate carbonyl oxygen of
2-acetyl benzofuran and thus to make its carbonyl carbon
more susceptible to nucleophilic attack. For addition reaction,
the solution must be acidic enough for an appropriate fraction
of the carbonyl compound to be protonated, but not so acidic
that the concentration of the base semicarbazide (which may
also undergo protonation) becomes too low. The contents were
reﬂuxed at 70–80 C for about 3–4 h. The completion of the
reaction was conﬁrmed by the TLC. The solvent was removed
using a rotary evaporator and light yellow coloured solid was
obtained. It was washed with cold ethanol and dried under
vacuum over P4O10. The characterization details are tabulated
in Table 1.
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2.3. Preparation of metal complexes
Hot ethanolic solution of metal salts (1 mmol) e.g.
CuCl2.2H2O, Cu(NO3)2.2H2O, FeCl3 or Fe(NO3)3 were
mixed with hot ethanolic solution of the ligand e.g. La or
Lb (2 mmol for copper complexes and 3 mmol for iron com-
plexes). The mixture was reﬂuxed for 4–5 h at 70–80 C. On
cooling the contents, the complex separated out in each case.
It was ﬁltered, washed with 50% ethanol and dried under
vacuum over P4O10. The characterization details are tabu-
lated in Table 1.
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Figure 1 IR Spectra of La.
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The C, H, and N were analysed on a Carlo-Erba 1106 elemen-
tal analyser. Metal contents were determined by Atomic
Absorption studies. Molar conductance was measured on an
ELICO (CM82T) conductivity bridge. Magnetic susceptibili-
ties were measured at room temperature on a Gouy balance
using CuSO4Æ5H2O as calibrant. IR spectra (KBr) were re-
corded on a FTIR spectrum BX-II spectrophotometer. The
electronic spectra were recorded in DMSO on a Shimadzu
UV mini-1240 spectrophotometer. The 1H NMR spectra were
recorded on a Jeol FT-NMR Spectrometer using DMSO as aFigure 2 NMRsolvent. Thermogravimetry (TG) and Differential thermo-
gravimetric (DTA) analysis for the metal complexes were car-
ried out on a Perkin Elmer (Diamond) TG-DTA spectrometer
for the determination of complex entrapped water.
3. Results and discussion
3.1. Infrared spectra of La
The IR spectrum of ligand La (Fig. 1) shows bands at 3456 and
3144 cm1 which may be assigned to [t(NH2)] and [t(NH)]
groups, respectively. The bands due to [t(C‚O)] which ap-
peared at 1720 cm1 and the bands at 1562 or 1446 cm1
may be assigned to symmetric or asymmetric [t(C‚N)] group
(Chandra and Gupta, 2005; Kothari and Sharma, 2011).
3.2. The 1H NMR spectra of La
The 1H NMR spectrum of the ligand La (Fig. 2) was recorded
in DMSO. It shows signals at d 2.21 ppm (s, 3H, –CH3–C), d
6.52 ppm (s, 2H, –NH2–CO), – 9.62 ppm (s, 1H, –N–NH–CO),
d 7.36 ppm (s, 1H, -Ph–CH–C), d 7.62 (d, J = 7.32, 1H, -Ph), d
7.57 ppm (d, J = 8.05, 1H, -Ph), d 7.32 (m, J = 7.33 and 8.05,
1H, -Ph) and d 7.25 ppm (m, J = 7.32 and 7.33, 1H, -Ph).
3.3. Infrared spectra of Lb
The IR spectrum of the ligand Lb (Fig. 3) shows bands at 3310
and 3148 cm1 which may be assigned to [t(NH2)] and [t(NH)]
groups respectively. The bands due to [t(C‚S)] appeared atspectra of La.
Figure 4 NMR spectra of Lb.
Figure 3 IR Spectra of Lb.
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Figure 6 IR Spectra of [Cu(Lb)2](Cl)2.
Figure 5 IR Spectra of [Cu(La)2](Cl)2.
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Figure 8 IR Spectra of [Fe(La)2](Cl)3.
Figure 7 IR Spectra of [Fe(Lb)2](NO3)3.
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Figure 9 Calibration curve for copper complexes for Atomic
Absorption studies. The solution of copper complexes (10 ppm)
i.e. [Cu (La)2](Cl)2, [Cu(L
a)2](NO3)2, [Cu(L
b)2](Cl)2 and [Cu
(Lb)2](NO3)2 show the absorbance of 0.0515, 0.0456, 0.0479 and
0.0443 respectively.% of Copper = Absorbance x 10 / Slope
(where slope = 0.045).
Table 2 Magnetic moment and Electronic spectral data of
complexes.
Complex leﬀ(B.M.) Electronic spectral data
t1 (cm
1) t2 (cm
1) t3 (cm
1)
[Cu(La)2](Cl)2 1.98 6631 14580 23450
[Cu(La)2](NO3)2 2.10 5870 14230 23290
[Fe(La)2](Cl)3 6.09 6697 14109 23281
[Fe(La)2](NO3)3 6.05 6789 14200 23670
[Cu(Lb)2](Cl)2 2.03 5889 14980 23560
[Cu(Lb)2](NO3)2 2.10 6356 14690 23887
[Fe(Lb)2](Cl)3 5.95 6732 14230 23450
[Fe(Lb)2](NO3)3 6.19 5995 14300 23520
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signed to symmetric or asymmetric [t(C‚N)] group (Chandra
and Gupta, 2005; Kothari and Sharma, 2011).
3.4. The 1H NMR spectra of Lb
The 1H NMR spectrum of the ligand Lb (Fig. 4) was recorded
in DMSO. It shows signals at d 2.33 ppm (s, 3H, –CH3–C), d
7.82 ppm (s, 2H, –NH2–CO), d 10.51 ppm (s, 1H, –N–NH–
CO), d 7.56 ppm (s, 1H, -Ph–CH–C), d 7.65 (d, J = 7.32,
1H, -Ph), d 7.59 ppm (d, J = 7.36, 1H, -Ph), d 7.35 (m,
J = 7.36 and 8.04, 1H, -Ph) and d 7.26 ppm (m, J = 8.04
and 7.32, 1H, -Ph).Figure 10 Calibration curve for iron complexes for Atomic
Absorption studies. The solution of iron complexes (10 ppm) i.e.
[Fe(La)2](Cl)3, [Fe(L
a)2](NO3)3, [Fe(L
b)2](Cl)3 and [Fe(L
b)2](NO3)3
show the absorbance of 0.0540, 0.0460, 0.0495 and 0.0442
respectively. % of Iron = Absorbance x 10 / Slope (where
slope = 0.055).3.5. Infrared spectra of metal complexes
The assignments of the signiﬁcant IR spectral bands of the me-
tal complexes are shown in Figs. 5–8 which clearly show the
shifting of the bands corresponding to t(–C‚N) and
t(–C‚S) in thiosemicarbazone or t(–C‚O) in semicarbazone
towards the lower side (around ca. 20–50 cm1) on complexa-
tion. This suggests that both the ligands act as bidentate che-
lating agents coordinating through nitrogen of C‚N group
and sulphur of C‚S group or oxygen of C‚O group
(Chandra and Gupta, 2005; Kothari and Sharma, 2011).
3.6. Elemental analysis data and molar conductance of metal
complexes
The metal contents (Table 1) were determined by the atomic
absorption studies as shown in Figs. 9 and 10. The C, H and
N contents in the metal complexes were analysed by the ele-
mental analyser and are tabulated in Table 1. The molar con-
ductance measurements (Table 1) of the complexes in DMSO
correspond to 1:2 electrolytic nature (Shakir et al., 1993) of
copper complexes and 1:3 electrolytic nature of iron com-
plexes. On the basis of elemental analysis data and molar con-
ductance of the complexes, the metal complexes may be
formulated as [ML2]X2 (where M= Cu(II) and X = Cl
,
NO3
) and [ML2]X3 (where M= Fe(III) and X = Cl
,
NO3
).
3.7. Magnetic moment and electronic spectral data of metal
complexes
At room temperature Cu(II) complexes show magnetic mo-
ment in the range 1.98–2.10 B.M corresponding to one un-
paired electron (Table 2). They show three electronic spectral
bands in the region 5500–7000, 14000–15000 and 23000–
24000 cm1 corresponding to the following transitions t1:
2B1ﬁ 2A2, t2: 2B1ﬁ 2A1 and t3: 2B1ﬁ 2B2 indicating the tet-
rahedral geometry (Chandra and Gupta, 2005; Kothari and
Sharma, 2011) of the complexes.
At room temperature Fe(III) complexes show magnetic mo-
ment in the range 5.95–6.19 B.M. corresponding to ﬁve un-
paired electrons (Table 2). They show three electronic
spectral bands in the region 5500–7000, 14000–15000 and
23000–24000 cm1 corresponding to the following transitions
t1:
6A1ﬁ 4T1, t2: 6A1ﬁ 4A1 and t3: 6A1ﬁ 4T2 indicating
Figure 12 TG-DTA Curve for [Fe(La)2](NO3)2.
Figure 11 TG-DTA Curve for [Cu(Lb)2](Cl)2.
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Table 3 Inﬂuence of ligands and metal complexes on the
initiation of lipid peroxidation.
Ligands/complexes Percent of control
La 98
[Cu(La)2](Cl)2 70
[Cu(La)2](NO3)2 76
[Fe(La)2](Cl)3 83
[Fe(La)2](NO3)3 80
Lb 96
[Cu(Lb)2](Cl)2 64
[Cu(Lb)2](NO3)2 61
[Fe(Lb)2](Cl)3 73
[Fe(Lb](NO3)3 78
Table 4 Antibacterial activity of ligands and metal
complexes.
Test organism Diameter of zones of inhibition (mm)
M1 M2 M3 M4 M5 M6 M7 M8 L
a Lb K
Escherichia coli 10 10 7 5 15 16 10 9 2 2 22
Klebsiella species 11 11 6 6 17 17 9 9 4 5 20
Shigella sonnei 9 10 8 8 16 15 8 7 3 4 25
Bacillus subtilis 8 10 5 5 15 18 10 8 3 3 23
M1: [Cu(L
a)2](Cl)2 M2: [Cu(L
a)2] (NO3)2
M3: [Fe(L
a)2] (Cl)3 M4: [Fe(L
a)2](NO3)3
M5: [Cu(L
b)2](Cl)2 M6: [Cu(L
b)2](NO3)2
M7: [Fe(L
b)2](Cl)3 M8: [Fe(L
b)2](NO3)3
K: Kanamycin
Table 5 DPPH radical Scavenging potency of ligands and
metal complexes.
Ligands/Complexes % of control Ligands/Complexes % of control
La 97 Lb 94
[Cu(La)2](Cl)2 85 [Cu(L
b)2](Cl)2 78
[Cu(La)2](NO3)2 86 [Cu(L
b)2](NO3)2 82
[Fe(La)2](Cl)3 85 [Fe(L
b)2](Cl)3 84
[Fe(La)2](NO3)3 87 [Fe(L
b)2](NO3)3 89
Synthesis, spectral and biological studies of copper (II) and iron (III) complexes 659the tetrahedral geometry (Chandra and Gupta, 2005; Kothari
and Sharma, 2011) of the complexes.
3.8. TG-DTA data of metal complexes
All the metal complexes show major weight loss above 175 C
which shows that they are free of any entrapped water (Figs. 11
and 12). The peaks due to melting of complexes in TG-DTA
curve agree well with the melting point of the complexes (Ta-
ble 1) as determined by the MP apparatus (Make: BUCHI,
Model: M-560).
4. Antioxidant activity
4.1. Assay of initiation of lipid peroxidation
The details of the assay procedure are described in the earlier
communication (Raj et al., 1998).The reaction mixture in a ﬁ-
nal volume of 2 mL consisted of 0.025 M Tris–HCl (pH 7.5),
microsomes (1 mg protein) which were taken from the labora-
tory of Prof. HG Raj, Department of Biochemistry, VP Chest
Institute and were prepared by adopting the method of
(Ernster and Nordenbrand, 1967) (protein was assayed by
the method of Lowry et al., 1951), 3 mM ADP and 0.15 mM
FeCl3. The tubes were pre-incubated for 10 min at 37 C fol-
lowed by the addition of the test compounds added at a con-
centration of 100 lM in 0.2 mL of DMSO and then again
incubated for 10 min at 37 C. The reaction was started by
the addition of 0.5 mM NADPH for initiation of enzymaticlipid peroxidation and incubated for different intervals. The
reaction was terminated by the addition of 0.2 mL of 50%
TCA followed by addition of 0.2 mL of 5 N HCl and 1.6 mL
of 30% TBA. The tubes were heated in an oil bath at 95 C
for 30 min, cooled and centrifuged at 3000 rpm. The intensity
of the colour of the thio barbituric acid reactive substance
(TBRS) formed was read at 535 nm. The lipid peroxidation
was found to be linear up to 15 min under the conditions de-
scribed here. The results (Table 3) illustrate the inﬂuence of li-
gands and metal complexes on the initiation of lipid
peroxidation enzymatically. These results clearly indicate that
metal complexes have higher antioxidant activities as com-
pared to the schiff base ligands. Thiosemicarbazone metal
complexes show higher antioxidant activities than semicarba-
zone metal complexes. Moreover, copper complexes show
higher antioxidant activities than iron complexes.
5. Antibacterial activity
The antibacterial activities of the metal complexes were deter-
mined at different concentrations (30 lg/disc) against different
pathogenic bacteria by using disc diffusion technique and the
results were compared with standard antibiotic, Kanamycin
(30 lg/disc). It was found that the metal complexes were active
against all of the test bacteria but the metal complexes
[Cu(Lb)2](Cl)2 and [Cu(L
b)2](NO3)2 were most effective against
all pathogenic bacteria as shown in Table 4. Moreover, copper
complexes of thiosemicarbazone show remarkable antibacte-
rial activity. The zones of inhibition of the complexes were
however lesser as compared to the standard Kanamycin. The
metal complexes have higher antibacterial activities as com-
pared to the schiff base ligands. Thiosemicarbazone metal
complexes show higher activities than semicarbazone metal
complexes.
6. Assay of DPPH radical scavenging
The details of the assay procedure are described as earlier15. A
solution of test compound (metal complexes/ligands) in meth-
anol (4 mL) at concentration of 100 lM was added to 1 mL of
DPPH solution in methanol (0.15 mM). The contents were vig-
orously mixed, allowed to stand at 20 C for 30 min and the
absorption was read at 517 nm. The effect of the presence of
metal complexes/ligands on the rate of the DPPH radical for-
mation is tabulated in Table 5.
7. Conclusions
The present work describes the facile synthesis of metal com-
plexes with newly synthesized Schiff base ligands and their
660 S. Goel et al.biological activity. On the basis of elemental analysis data, mo-
lar conductance, magnetic susceptibility measurements, IR,
mass, atomic absorption and electronic spectral studies, the
resulting metal complexes may have tetrahedral geometry
and may be formulated as [M(L)2]X2 (where M= Cu(II)
and X = Cl, NO3
) and [M(L)2]X3 (where M= Fe(III)
and X = Cl, NO3
) The metal complexes show higher anti-
oxidant, antibacterial activities and radical scavenging potency
as compared to the ligands. The copper(II) complexes derived
from 2-acetyl benzofuran thiosemicarbazone show remarkable
antioxidant and antibacterial activities.
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